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1.0 Project Description
1.1 Problem Description
As more impervious materials and buildings takeover natural environments, creeks and rivers become
more polluted. When it rains the water collects pollutants because the water flows over parking lots,
buildings, and agricultural land. The water can collect oil, nitrogen, phosphorus, and small particles.
These pollutants decrease the water quality in surrounding water bodies. Natural wetlands are excellent
at removing pollutants from the water that flows through the filter media and are relatively inexpensive.
Our objective this summer was to replicate the biological processes by constructing a treatment wetland
in the greenhouse on the Rose-Hulman campus. Then we would test the abilities of the constructed
wetland to remove nutrients, suspended solids, and organic material from Lost Creek water.

2.0 Background
Constructed wetlands are built to imitate the natural processes of filtration and other biological
processes involving nutrients such as nitrogen and phosphorus. Constructed wetlands have be
successfully used a wastewater treatment and can be less costly than other treatment options. The
wetland is consists of mainly water, soil, vascular plants and aquatic life can also be included. They can
take up a large area of land and are usually located in floodplains or where the surface water easily
drains into the system. There are two different types of wetlands: surface and subsurface flow. Surface
flow is when the water level is above the ground surface and the plants can either be free floating or
have roots in the ground (shown in Figure 1). Subsurface flow is when the water level is below the
ground water surface and has plants growing from the ground. The media used for the subsurface
usually consists of soil, sand, and gravel while the surface flow just consists of soil. The sand and gravel
helps the water move through the system.

Figure 1: Surface Flow

Figure 2: Subsurface Flow

3.0 Design Requirements
3.1 Project Requirements
The wetland should be able to filtrate the water to remove nutrients, suspended solids, and organic
materials. The wetland should also be physically and visually accessible to students during the school
year for a required course.

3.2 Design Constraints
We were given ten weeks to complete this project. The wetland was required to fit on a 12 ft by 5 ft
table inside the greenhouse at Rose-Hulman. The table also had a weight limit of 15 pounds per square
ft. The plants used in the wetland should not be invasive or attract bugs that could affect other plants in
the greenhouse. We were given a budget of 2000 dollars for the materials of the constructed wetland
which could include the basins, filter material, plants, pipes, and pump (Cost Analysis shown in Appendix
A).

4 .0 Project Approach
The first step of the project was to research information on constructed wetlands and be familiar with
the chemical processes that occur. We took a trip to the constructed wetland on Rose-Hulman campus
to document types of native plants and soil (Figure 1 & 2). We began to think about different design
alternatives that would make the wetland efficient and also a teaching tool. After picking our final
design, we started estimating the costs of each material to make sure we stayed under budget. The
weight of the material was calculated to make sure the table could support the basins. The table could
only support 900 pounds and our materials surpassed that weight. We had to reduce the amount of
material and strengthen the table to hold 1800 pounds. We bought the materials for the basins and
constructed them.

Figure 3: Observing Plants

Figure 4: Identifying soil

4.1 Design Timeline
Table 1: Design Timeline
Task
Week 1
1. Research
2. Design
3. Cost Analysis
4. Construct
5. Test

Week 2

Week 3

Week 4

Week 5

Week 6

Week 7

Week 8

Week 9

Week 10

5.0 Design Options
5.1 Alternatives Considered
5.1.1 Design 1
The Design 1, shown in Figure 3, is made of two different treatment lines. One running in Subsurface
Flow and the other in Free Water Surface. Each line has three stages. The first and third stage for both
lines are very similar. They contain soil and gravel to filtrate the effluent before reaching the following
stages. The second stage in each line is what makes them different. For the Subsurface Flow line the
second stage is composed of a layer of soil where there will be a mix of wetland plants. These wetland
plants could include cattails or bulrush. The treatment is made by reducing the nutrients, organic
matter, solid, and other parameters through filtration. For the Free Water Surface design the Stage 2 is
composed by a fine layer of soil on the tank bottom and filled up with water. There are floating,
emergent, and submersed plants in the tank. As the Free Water surface flow treats the water by
reducing the chemical and physical parameters through reactions, microbiological action, and physical
retention. The water flows from one stage to another using gravity by positioning each following stage
below the previous stage. In addition, between the stages are pipes where it could be possible to collect
samples after each stage to control the water quality.
This design in made for give more mobility and to have interchangeable stages, so we could change the
process creating different treatment lines do analyze the better configuration. As well one of the goals
of this project is create a tool that could be used in class, using the stages design instead of one big tank
enables the system to be moved.

Stage 1

Stage 1

Stage 2

Stage 2

Stage 3

Stage 3

Figure 5: Design 1 featuring two parallel systems

5.1.2 Design 2
This design, shown in Figure 4 and 5, is planned to simulate both treatment conditions in parallel. Each
container contains an environment in small scale. Using transparent material for the lateral wall it will
be possible to show the students the layers that compose the soil and the subaquatic plants. The
advantage of this design is the possibility to create a continuous environment. It is a better reproduction
of natural wetlands. In the Subsurface Flow container will be filled with gravel and soil. Plants will grow
on the surface. The water will flow through the soil layer from the surface on one edge until the outlet
on the opposite side. In the Free Water surface there is a relatively small soil layer on the bottom that
slopes as it approaches the smaller faces of the container, forming a bank. The plants will be positioned
on the banks and in the edges of the basin. The aquatic plants are submerged and emergent.

Figure 6: Free Water Surface Flow

Gradient
soil layers
Figure 7: Subsurface Flow

5.1.3 Design 3
The Design 3, shown in Figure 6, is composed of one large basin. This approach is more dedicated to
recreate an experiment that has more elements of a wetland as possible. Using just one basin we would
be able to use a bigger variety of plants due to the larger space. For learning purposes this design is
better since it is a scale model of a wetland. We have to choose between the Free Water Surface Flow
and the Subsurface Flow, due to the large space occupied by the basin that impedes the use of both
treatment methods at the same time. After choosing the best method, the design will follow the same
description of the basins for the Design 2.

Figure 8: Free Water Surface or Subsurface Flow

5.2 Criteria For Alternatives
Efficiency is how well the wetland treats the water. Constructability is how easy it is to construct the
basins and the availability of the materials. Maintenance would be how easy it is to take replace the
filter media in the basins. Visual is the how nice the plants look in the wetland and if the wetland can be
visually understood by students. Interchangeability would allow us to do both the free water and
subsurface which can improve the efficiency.

5.2.1 Weighted Criteria
Each design was given a score of 1-3 on each criteria. A score of one was low and a score of 3 was high.
Since efficiency, constructability, and maintenance are technical and important for the function it’s
weighted as a 3. Visual and interchangeability are aesthetics properties of the wetlands so they are
rated a 1.

5.3 Decision Matrix
Table 2: Decision Matrix
Criteria
Efficiency
Constructability
Maintenance
Visual
Interchangeability
Total

Weight
3
3
3
1
1

Design 1
3
1
3
3
3
10.5

Design 2
3
2
2
2
3
9.6

Design 3
1
3
1
1
1
5.4

5.3.1 Decision Factors
Efficiency: Design 1 and 2 would be better than design 3 because we could connect the free surface and
the subsurface basins together. Since the water would flow through two systems more pollutants could
be removed which would increase the efficiency of the wetland.
Constructability: Design 1 would be more work since there are six boxes to make whereas design 2 has
two boxes and design 3 has only 1 box.
Maintenance: The separate basins in design 1 would be better since the contents of the each basin can
be easily emptied and refilled if the wetland efficiency decreases.
Visual: Design 1 is better since it physically separates the biological processes into three parts which can
be helpful when describing how each system works to students.
Interchangeability: By connecting the two systems together, we can determine whether the efficiency of
using free surface or subsurface first would differ.

6.0 Design Summary
6.1 Design Objective
The purpose of this research project is to build a constructed wetland and test Lost Creek water after it
flows through the system. Natural wetlands are excellent at removing pollutants from the water that
filter through the wetland media. The design consists of two parallel systems that will independently
treat the water. Each system is composed of three basins connected by a series of pipes to move the
water from one basin to the next. The basins are emulating a natural environment with soil and plants
similar to the natural wetlands. The two systems are placed on a table which has an area and weight
limitation that is considered in the design process. Since the system is composed of three separated
basins the water has to flow from one basin to the next. The water enters in the system from the top

left side of the basin and flows to the right where it is collected at the bottom. The water should be
evenly distributed through all the width of the basin to provide a homogeneous flow. To obtain this
homogeneous distribution the water passes through a perforated pipe. After the water enters in the
collection pipe it will flow through a valve that can control the flow to the next basin. At the last basin,
the water is to be collected in a reservoir and analyzed.

6.2 Materials and Methods: System Configuration
We chose to build two independent systems that can be cross connected to create a new system. We
decided to use plexiglass as the material of the basin. Since the material is clear, the students will be
able to see through the basins to see the filter media and the water following through. The clear
material makes a better visible teaching tool. The material used to connect the water between the
basins follows: two inch diameter PVC pipes, connection, and valves and tubing. Each system is
organized into three basins. The first and last basins are the same size, 2 ft wide by 2 ft long, and 1 ft
high. The second basin is 2 ft wide by 5 ft long, and 1 ft high. The water enters into the system from the
top of the first basin and flows horizontally through the basin and the water is collected by a drainpipe
at the opposite end of the basin. The water collected passes through a control valve and flows into the
second basin through a perforated, horizontal pipe that evenly distributes the water into the third basin.
The basins are stair-stepped so that the water uses gravity to flow through the basins. The first basin is
placed on an aluminium rack that is 1 ft tall and the second basin is on a rack that is 0.5 ft tall.

6.3 Construction Procedure
6.3.1 Constructing the drainage pipes
The drainage pipes are made from pvc and were bought from a local hardware store. The pvc was cut
into 22” and 17” lengths. Holes were then drilled into the pvc to allow water to flow through. The outlet
pipes had two rows of holes while the inlet pipes only had one. On one side of the pipes a hole was
drilled and threaded to fit the adaptor for the valves or tubing. The drainage pipes were then capped on
each side.
6.3.2 Constructing the boxes
We placed in an order for the plexiglass material to Kasameyer Inc. located in Terre Haute and Meyer
Plastics from Indianapolis. The plexiglass was cut-to-size by Kasameyer and the pieces were finished two
days after ordering. Once we received the plexiglass we marked where we wanted the holes for the
tubing. Gary Meyers, an electrical technician at Rose-Hulman, cut the holes to fit our adaptors. Once we
had all the pieces ready we used right angle clamps to place the sides of the box onto the base. We used
acrylic cement as an adhesive so that the pieces would stay in place and for added strength. We drilled
holes and placed screws into the sides and base to connect all the pieces together. After all the sides
were secured and on the base, we used silicon on all the inside edges to make the basin watertight. We
placed thread tape on the threaded-to-barbed (inlet) and threaded fittings (outlet) to reduce leaks. The
silicon was placed around the fittings for extra protection. The fittings were then secured into the
drainage pipes. The silicon took 24 hours to cure. The next day we water tested the basin for leaks. If
there were any leaks we patched them with more silicon and waited until the next day to water test
again. So we didn’t have to wait as long to check for holes by water testing, we used a dust remover
product to spray at the outside seams of the plexiglass to check if the air went through the seam. On the
last three basins, we decided the acrylic cement was strong enough that using screws was not needed.

The screws caused problems because they cracked the plexiglass and created more holes that we had to
silicon.
6.3.3 Racks
The racks were purchased from Staples. The 60X24 rack could only be ordered with a height of twelve
inches. To have the stepping affect with the basins we cut the 60X24 racks so that the height was six
inches. The material that was cut off was then used as extra supports for the basins. This was done by
welding the legs to the middle, underside of the rack.
6.3.4 Table Structure
To prepare the table in the greenhouse for the basins, we asked Sharon to reinforce the table since the
weight of our basins exceeded the load capacity of the table. The table was reinforced from 15lbs/ft2 to
30lbs/ft2. To protect the metal screen on the table and to distribute the weight of the basins, we bought
a sheet of plywood to place on top of the screen. Before placing the plywood sheet, we painted it with a
primer and a top coat to protect the plywood from any leaks from the basin.
Once all of the basins were constructed and watertight, they were transported to the Greenhouse.

Figure 9: Second Basin Completed

Figure 10: Water Testing

6.4 Materials and Methods: Substrate Selection
The first basins are used to filter out the total suspended solids. The second basin of the free water
surface is supposed to decrease the amount of nitrogen in the water. The second basin of the
subsurface is supposed take out most of the phosphorus. The third basin of each system filtrates the
smaller solids from the water. The larger gravel was placed over the perforated pipes to allow the solids

to filter out and smooth the flow into the basin. Smaller gravel were then placed next to the larger
gravel to transition the flow to the soil. The soil is a composition of clay, organic matter, sand, and silt.
The clay is used to extract the phosphorus in the water and it is used in the second basin of the
subsurface and the last basins of each system (). The clay in the subsurface helps to slow the water flow
rate down so there is a higher retention rate. Organic matter is used to help the plants grow and to help
the biochemical processes that occur. The soil media we bought contains 25% peat (organic matter) and
25% composted yard waste. The sand is used help the water flow through the soil media. Table 3 shows
a breakdown of media components in each basin.

Table 3: Subsurface System Soil Media Components

SUBSURFACE SYSTEM

20x20

24x60

24x24

Total
2400

Clay
0

First Basin
Volume (cubic in)
Organic
Sand
120
480

Silt
600

Gravel
1200

Total
8640

Second Basin (Subsurface)
Volume (cubic in)
Clay
Organic
Sand
518.4
3110.4
518.4

Silt
1036.8

Gravel
2592

Total
3456

Last Basin
Volume (cubic in)
Organic
Sand
518.4
518.4

Silt
777.6

Gravel
864

Clay
777.6

Table 4: Subsurface System Soil Media Components

FREE WATER SURFACE SYSTEM

20x20

24x60

24x24

First Basin
Volume (cubic in)
Organic
Sand
120
480

2400

Clay
0

2880

Second Basin (Free Water Surface)
Volume (cubic in)
Clay
Organic
Sand
0
1728
0

3456

Clay
777.6

Last Basin
Volume (cubic in)
Organic
Sand
259.2
518.4

Silt
600

Gravel
1200

Silt
1152

Gravel
0

Silt
1036.8

Gravel
864

6.5 Materials and Methods: Plant Selection
The plants were chosen from a list of native Indiana plant’s from JF New. Our main focus was to choose
a sedge for the subsurface system and for the first and last basins of the free water surface. The plants
also needed to be less than 3ft tall and not be invasive.

7.0 Final Design of Constructed Wetland Systems
7.1 Basin System

Figure 11: Top View

Figure 12: Dimension of Wetland Basins-Side Profile

7.2 Drainage Pipes

Figure 12: Inlet Pipe – Top View

Figure 14: Inlet Pipe – Front View

Figure 15: Outlet Pipe – Top View

Figure 16 : Outlet Pipe – Front View

Figure 17: Subsurface System with filter media and plants

Figure 18: Free Water System with filter media and plants

Figure 19: Constructed Wetland System Installed in Greenhouse

Figure 20: Testing the system

Figure 21: Subsurface System with filter media and plants

Figure 22: Free Water Surface System with filter media and plants

Constructed Wetland Timeline After Installation
First Week

Figure 23: Subsurface System

l kj l kjl k

Figure 24: Free Water Surface System

Third Week

Figure 25: Subsurface System

Figure 26: Free Water System

Sixth Week

Figure 27: Subsurface System

Figure 28: Free Water Surface System

7.0 Cost Analysis
The major components for the project cost are the material of the basins and the filter media for the
basins. Several components were donated to our project cost such as: tubing, pea gravel, acrylic pipes,
and reinforcements for the table. An itemized breakdown of the cost of the project is given in Appendix
A.

8.0 Standard Operating Procedures
8.1 Maintenance Plan
If efficiency of system becomes lower than 50% then take out plants to replant and then replace soil. All
the data each year from classroom activities will be recorded and entered into the key chart. If the
efficiency gets below 50% then change soil. Since each basin can be tested separately if only one basin
has an efficiency below 50% then only replace the soil in that basin. If the efficiency of a basin is near
50% at the end of a school year, go ahead and replace the soil and any plants that are not surviving.
Once all of the media is out of the basin then check drainage pipes holes for clogs. If needed, take out
inlet and outlet pipes to clean. The caps on the pipes can be taken off. When placing the inlet and outlet
pipes back in the basins do the following: replace thread tape on adaptors and screw on valves before
putting silicon on the connection. The basins
Before a class activity check that the systems flows smoothly. Every time the system is cycled with water
check for leaks. The wood platform may be replaced or sanded and repainted with another primer if
needed. Check the stability of the racks yearly. Make sure there are no developing cracks or the material
is not buckling. Check the stability of the Greenhouse table yearly. Make sure there are no developing
cracks or the material is not buckling.
Daily maintenance of watering the plants is needed since the plants are suited to saturated conditions.
Weekly maintenance of the free water surface is needed to remove the algae so that the free floating
plants do not decay.

Appendix A – Detailed Cost Estimate
Table A.1: Cost Analysis
Item

Description

Cost

Qty

Amount

Storage Boxes

Basins 1 & 3

$18.99

4

$75.96

Plexiglass Sheet

Basin 2

$415.62

2

$831.24

Basins Total

$907.20

System Basins

Tubing
T Connector

2" Diameter

$3.99

12

$47.88

Pipe

2"X5'

$3.99

2

$7.98

Cap

2" Diameter

$0.59

20

$11.80

Valve

3/4" Diameter

$7.99

6

$47.94

$1.20

6

$7.20

$1.99

15

$29.85

Tubing Total

$152.65

Adaptor
Tubing

(1"X1')

Filter Media
Soil

Cubic feet

$3.49

9

$31.41

Gravel

Cubic feet

$3.18

9

$28.62

38.97

1

$38.97

Clay

$0.00
Filter MediaTotal

$99.00

64.79

2

$129.58

13.75

1

$13.75

20.59

8

$164.72

Pump

57.00

1

$57.00

Rack Basin 1

49.99

2

$99.98

Rack Basin 2

64.99

2

$129.98

Supplies Total

$595.01

Supplies
Water tank

100 Gallon

Acrylic cement
Plywood

.75"X2'X8'

Plants
Bristly Sedge

Carex brevior

5.00

7

$35.00

Common Rush

Juncus effusus

5.25

7

$36.75

Blue Flag

Iris virginica

5.25

4

$21.00

Marsh Blazing Star

Liatris spicata

5.50

4

$22.00

White Water Lily

Nymphaea odorata

3.75

2

$7.50

Sago Pondweed
Water knotweed
Lotus

Potamogeton
pectinatus
Polygonum amphibium
v. stipulaceum
Nelumbo lutea

2.00

7
1.15

2

$2.30

7.50

1

$7.50

Plants Total

Total

$14.00

$146.05

$1,899.91

